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THE RELATIONSHIP BETWEEN FUNCTIONAL ARTICULATION DISORDERS
AND SELF-MONITORING AUDITORY DISCRIMINATION

by
Geraldine Allison
August, 1972

The purpose of this study was to investigate the relationship
between articulation disorders and self-monitoring auditory discrimination. In developing this study, 160 children, 80 males and 80 females,
from kindergarten through fourth grades, were selected as subjects.
They were divided into normal and defective speaking groups based on
the results of a speech screening test.
An Articulation and Self-Monitoring Test was administered to
these children. The results showed their total number of articulation
and self-monitoring errors. These error scores were statistically
analyzed with other pertinent characteristics of the subjects relative
to the study. The tools of analyses were:

(1) an analysis of variance,

(2) a linear regression, and (3) a factorial analysis of covariance.
The most important conclusion was that articulation ability
is significantly correlated to self-monitoring ability.

Chapter 1

INTRODUCTION

The purpose of this study was to investigate the relationship
between articulation disorders and self-monitoring auditory discrimination. Children with defective articulation are typically unaware that
their speech is considered defective or different by listeners.

The

defective speaker because of faulty learning and habituation accepts
his misarticulations as correct whereas a normal speaker will ordinarily
correct his errors.
The auditory sense which is critical in the initial stages of
sound acquisition becomes less important after speech is well established and judgments of correctness or incorrectness are then made
through the tactile-kinesthetic sense (36:110).

The defective speaker

must learn to listen perceptively to his own speech in order to recognize
its fine details and make a conscious comparison between his speech
productions and normal articulated speech. Special training in auditory
discrimination seems to be a necessary antecedent to establishing new
and correctly articulated responses (5:9, 94-101).
1
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REVIEW OF LITERATURE

Two major types of auditory discrimination are identifiable.
The first type occurs when an individual has the ability to hear differences or similarities in others' speech sounds; the second type occurs
when an individual is able to hear differences or similarities in his own
speech sounds. The second type is referred to as self-monitoring
auditory discrimination.

The literature of speech pathology affords

abundant material on auditory discrimination but information is lacking
concerning self-monitoring auditory discrimination in reference to
functional articulation disorders. Functional articulation disorders are
an inability to produce correctly all of the standard speech sounds of
the language. They are characterized by errors of sound substitutions,
omissions, additions, or distortions.

No structural, physiological, or

neurological factors are known to cause functional disorders (35:229).
The traditional methods of teaching discrimination of sounds to children
have been directed toward elaborate and lengthy listening activities as
noted by Van Riper (35). Yet he also recognizes that articulation errors
may persist because they aren't heard by the individual.
Several writers have mentioned that self-monitoring discrimination is a variable in articulation improvement. Liberman (2 0) feels that
speech sound discrimination ability is closely related to the articulatory
movement feedback which an individual receives as he speaks.

Powers

points out that some individuals often fail to hear their own errors
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although they are able to hear errors in others (2 5: 7 45) . Stolz and
Tannenbaum (31) believe that once the acquired skill of articulation is
established, it is also maintained by a self-regulatory mechanism
dependent primarily on closed circuit feedback.

In Koffka 's The Growth

of the Mind (18:326-52) it is postulated that the speaker's inaccurate
judgments of his own sounds are the result of faulty reinforcements of
his speech behavior. As Backus and Beasley state, "The real problem
in discrimination is in the individual's ability to tell the difference
when he is making the two sounds" (2 :65).
Carrell (5:95, 101) believes that a defective speaker's inputoutput circuits accept a misarticulation as correct because his faulty
learning and habituation accepts a misarticulation as correct. The
speaker's self-monitoring set is most important.

He must learn to

listen perceptively to his own speech in order to recognize its fine
details and compare them with the kind of speech he is trying to develop.
He learns monitoring attitudes and skills.

Prins (2 6:386-97) argues

that so-called ear training activities which concentrate on differential
listening may be both inefficient and ineffectual discrimination training
procedures. It may be more productive to allow auditory discrimination
to develop as a function of verbal output as a result of basic articulation and language therapy.
Locke (21) points out two kinds of speech-sound discrimination:
internal or self-discrimination and external or discrimination of others.
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He recognizes a child may have adequate discrimination for others but
not for words or sounds he produces himself. Locke raises a provoking
thought; discrimination problems and articulation are correlated but
pathologists have not been able to establish the cause and effect
relationship. This comment reinforces the significance of the present
study.
Fairbanks (7) interprets self-monitoring as "checking up" on
what the speaking apparatus has produced, or self-hearing during
speaking.

He writes that the essence of a speaking system is the

control of the output, or prediction of the output's accuracy. The selfmonitoring interpretation also suggests that the ear is a part of the
speaking system as well as a component of the listening system.

He

refers to the feedback process as a servo-system or a closed system.
Mysak (24) also uses the feedback theory concepts to illustrate how
speech behavior is a closed-loop system involving self-hearing and
self-adjusting means of correcting one's oral speech.
A supporting study by Woolf and Myers (44) noted that selfdiscrimination would seem to require more demanding and complex skills
compared to discrimination of an external model. If a child is allowed
to produce a sound in ear training exercises, he receives multiple
sensory cues--proprioceptive, tactile, and auditory--which aid in selfmonitoring and in correct sound production more readily than in listening
where one receives stimulation of only one sensory channel (auditory).
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This was shown in the research; those children having more opportunities
for self-discrimination showed greater gains in articulation.
Literature in speech pathology substantiates that sound
acquisition and discrimination in children is progressive in nature and
based on maturation. Wepman (38) takes this position and argues
further that the pattern of acquisition of accurate speech sounds might
result from the developing processes of auditory discrimination and
retention. As children recognize differences in sounds and are able to
hold each sound in mind separately, they are able to monitor their own
speech and to make accurate phonemic comparisons. As their ability to
discriminate improves, their speech becomes more like the speech of
the community in which they live. Wepman also argues that, if a
child's auditory discrimination is developing slowly, speech therapy
should not be started until after the seventh year, allowing the child to
make his own speech improvements as his ability to discriminate
matures.
Milisen (22) holds that speech sounds have to be modified
until they are acceptable to one's speaking environment. This can be
achieved by closed circuit feedback serving primarily as a monitor of
self-generated speech sounds. Self-monitoring must always depend on
the subjective judgments made by the individual. During the speech
acquisition stages a child's judgment is less accurate, since his self-
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regulating system is not stabilized; he is still learning a standard
model for his speech sounds.
Children learn to depend on their environment, not their
perception of their own speech, because all final decisions as to the
adequacy of speech sounds are made by the speaking environment, not
by the children. Milisen emphasizes that the last person to know how
he sounds is the speaker himself. In order to remain in proper calibration, the self-regulatory system does need some environmental control,
but the more important need is for more awareness on the speaker's
part. Further research is needed showing a combination of selfmonitoring awareness and discrimination of the model in the speaking
environment.

This study will show some of the results of this

interaction.
Van Riper and Irwin (36:114-16) reason that an individual with
a functional articulation disorder has failed to match the auditory feedback from his own speech with the auditory pattern coming from the
speech of others. After a child has learned to speak, auditory feedback
becomes less important and more awareness is placed on tactilekinesthetic feedback.

Self-hearing has to be re-activated and brought

into prime focus.
Schiefelbusch and Lindsey (2 7: 153) write that many defective
articulation cases have special problems in recognizing their own
errors. They believe that researchers in discrimination of speech
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sounds have not investigated some of the important variables relating
perceptual difficulties to articulatory development.

The writers believe

that researchers need to determine children's discrimination abilities
for functional speech units: (1) as they produce words themselves, (2)
as they hear words from others, and (3) as they evaluate words silently.
Schiefelbusch and Lindsey (27:159) devised an experimental
study to test these abilities with normal speaking and defective speaking first and second grade children. Significant differences were found
between the speech defective and the normal speaking groups in sound
discrimination ability. The method of presentation did not show any
conclusive results, which would indicate that speech defective children
have greater difficulty in discerning self-monitored sound patterns.
A study by Aungst and Frick hypothesized that:
Consistency of articulation is more directly related to
the ability to judge one's own speech productions as correct
or incorrect than to the ability to discriminate between paired
auditory stimuli presented by another speaker (1 :84).
Three tests were constructed to measure the ability to judge one's own
speech productions: (1) Test of Instantaneous Judgment, (2) Test of
Delayed Judgment, and (3) Test of Comparison. The McDonald Deep
Test of Articulation, 1959, and Templin's Test of Auditory Discrimination, 1957, and the three new tests were administered to 27 eight to
ten year old children with misarticulations of the /r/ sound only.
Correlations among the scores on the five tests indicated:
(1) the ability measured by the traditional test is unrelated to the ability
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to judge one's own speech productions as correct or incorrect; (2) the
traditional test measures an ability which is not related to consistency
of articulation; and (3) the ability to judge one's own speech production,
as measured by the three tests, is significantly related to the consistency of articulation. These tests should prove to be valuable in
diagnostics, therapy, and research. These findings lend support to
the importance of self-monitoring ability in adequate speech production.
Since no control group was used scores are not available for comparison
with normal speaking children.
The results of Aungst and Frick's (1:83) study imply that the
traditional speech-sound discrimination tests, measuring external
abilities, test an ability which is well established by eight years of
age and is not related to articulation defects persisting after that age.
Hutchinson, 1965 (12), in her dissertation, used a selfmonitoring auditory discrimination test given to subjects before and
after six months of articulation therapy to judge the efficacy of the
therapy methods used. The results showed that a self-monitoring test
of auditory discrimination can measure progress in therapy to a very
fine degree. Further research is necessary to establish data for
meaningful statistical comparisons.
Hutchinson and Clark, 19 68 (15), designed a study to determine: (1) whether listening performance tasks such as self-monitoring
auditory discrimination and imitative tapping of sequential auditory
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rhythmic patterns discriminate between children with normal and
defective articulation, (2) whether and to what degree these tests
correlate with a measure of defective articulation, (3) whether these
tests discriminate among grade levels, and (4) how these tests compare
in discriminative sensitivity with the Wepman Test of Auditory
Discrimination, 19 5 8 .
Four tests of auditory and visual perception were presented
to 102 first through third grade children. The tests were: (1) the
Wepman Test of Auditory Discrimination, (2) a self-monitoring discrimination test designed for the study, (3) an auditory tapping, temporalsequencing test, and (4) a visual, spatial-sequencing test. Four
different analyses consistently revealed that the self-monitoring test
of auditory discrimination was by far the most sensitive instrument for
discriminating between normal and articulation defective children in
grades one through three. The self-monitoring test was the most
efficient tool for diagnostic purposes.
Hutchinson (13), in another study, compared the ability of her
self-monitoring test with the Wepman Test of Auditory Discrimination to
differentiate between normal and articulatory defective groups of first
through third grade children. A picture articulation test devised by
Hutchinson was used to judge the children's articulation. The same
list of words was then used for the self-monitoring test.

The procedure

required the child, after naming the picture on the articulation test card,
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to repeat the word and then to judge whether he had said it
correctly.
The study showed some definitive results: (1) The selfmonitoring test of auditory discrimination showed a correlation with
articulation ability.

(2) The self-monitoring test also differentiated

between groups of normal and defective speaking children, significant
at the .01 level of confidence.

(3) Differentiation between scores for

grades one, two, and three were shown by the self-monitoring test.
The self-monitoring test showed greater sensitivity than the Wepman
Test of Auditory Discrimination on points (2) and (3) (13:300-301).
Hutchinson concludes:
Perhaps the phenomenon of auditory discrimination is a
composite ability comprised of auditory, proprioceptive, and
cognitive functions which vary in their relative and momentary
strengths according to an individual's age, neurosensory
condition, chance conditioning, and other factors (13:303).
Hutchinson, 1971 (14), saw a need in school situations for a
fast means of discovering children with speech articulation and auditory
discrimination defects. She also noted a need for providing meaningful
statistical comparisons between the scores on articulation and discrimination tests with intelligence, achievement, motor, and other significant tests.
Hutchinson combined her self-monitoring auditory discrimination test with an articulation screening test consisting of 23 stimulus
picture cards. She provided standardization norms, equivalency of two
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alternate forms, test-retest reliability, interjudge reliability, and
intercorrelations for her new "Screening Test of Articulation and SelfMonitoring Test of Auditory Discrimination."
From this review it appears that a number of authorities have
recognized a common set of ideas relating to the subject of selfmonitoring auditory discrimination. Their ideas are summarized below.
1.

Individuals receive feedback while speaking.

2.

Some individuals do not hear their own error sounds.

3.

Individuals need a means for checking what their speaking
apparatus has produced.

4.

Self-monitoring is internal discrimination.

5.

Self-monitoring auditory discrimination is a complex skill.

6.

Multiple sensory cues are involved in self-monitoring
auditory discrimination.

7.

Articulation improves with added opportunities for selfmonitoring auditory discrimination .

8.

As children mature their ability to self-monitor improves.

9.

Speech sounds are monitored until they are acceptable to
one's speaking environment.

10.

Self-monitoring auditory discrimination is an individual,
subjective judgment.

11.

A speaker is the last person to know how he sounds.

12.

Speech defective children have greater difficulty in recognizing their speech errors than normal speaking children.
The primary goal of this study is to provide evidence of a

relationship between functional articulation disorders and self-monitoring
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auditory discrimination in order to benefit speech pathologists in the
treatment of articulation problems.

RATIONALE FOR THE PROBLEM

Functional articulation disorders require more therapy time
than any other speech disorder of the public school speech pathologist,
yet its etiology remains undiscovered (22:301). Speech pathologists
have been aware for many years that being able to listen for differences
and similarities in speech is an important part of correcting functional
articulation disorders. The emphasis was primarily on discrimination
of sounds produced by someone other than the individual with an articulation disorder (25:781, 791-93; 35:242-305; 16:121-42).
The area of self-monitoring auditory discrimination has not
been researched thoroughly to show whether a relationship exists
between self-monitoring one's own speech sounds and correcting
functional articulation disorders. Woolf and Myers in a recent report
state, "In future studies of the correlates of articulation improvement,
greater use should be made of self-monitoring models of discrimination"
(44:664).
Knowledge about the ability of the child to self-monitor
speech could be of significant importance to speech pathologists.
Establishing a relationship between functional articulation disorders
and self-monitoring ability would provide speech pathologists with
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more information for devising efficient and effective therapy procedures
for correcting functional articulation disorders.

STATEMENT OF THE PROBLEM

This study attempts to discover whether a relationship exists
between functional articulation disorders and the inability of an
individual to correctly self-monitor his speech or, in other words, to
auditorily perceive the correctness of his speech. Is a lack of selfmonitoring auditory discrimination attributable causally or correlationally to functional articulation disorders? A classic example of the
inability to self-monitor one's own speech is a child responding,
"I didn't either say fumb, I said fumb," to an instruction to say thumb,
not fumb.

HYPOTHESES

To investigate the questions raised in this study, the following
hypotheses were formulated:
1. Children showing difficulty in self-monitoring of speech
will have more articulation errors than children with the ability to selfmonitor speech accurately.
2. As children with defective articulation increase in grade
level, their abilities to articulate and self-monitor their speech
accurately will improve.

Chapter 2

PROCEDURES

Procedures to be presented for carrying out the proposed
study are: selection of subjects, test selection, test administration,
criterion measures, interjudge reliability, differences in scoring
methods, and statistical methods.

SELECTION OF SUBJECTS

The children used in this study were enrolled in kindergarten
through fourth grade chosen from area public schools. Before this study
was initiated, the speech pathologist for the Ellensburg public schools
screened all of the children enrolled in these schools for speech and
hearing defects . 1 On the basis of this screening test 80 children
judged to have normal articulation and 80 children judged to have

1 The pathologist devised his own speech screening procedures
which consisted of asking the children individually to count from one to
twelve, as these numbers have most of the common error sounds for
elementary children. This was followed by a few questions that elicited
a sample of the child's conversational speech. A notation was made
whether each child's speech was judged to be normal or defective. An
individual audiometric test was administered at 25 decibels for the
following frequencies: 500, 1,000, 2,000, and 4,000 hertz to determine
if the child had normal hearing.
14
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defective articulation were selected from the school speech pa thologis t' s screening results.

Table 1 presents the grouping for the

subjects in the study by grade, sex, and articulation ability.

Table 1
Grouping of Subjects by Grade, Sex, and Articulation Ability

Grade
Level

Males
Articulation Ability
Normal Defective

Females
Articulation Ability
Normal Defective

Total/
Grade

K

8

8

8

8

32

1

8

8

8

8

32

2

8

8

8

8

32

3

8

8

8

8

32

4

8

8

8

8

32

40

40

40

40

160

Totals:
5

Only those children with normal hearing were used.

This

information was available from the audiometric screening test results.
Each child's teacher was asked to assess the child's classroom
performance as children with learning disabilities were not chosen
for this study.
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TEST SELECTION

An Articulation and Self-Monitoring Test of Auditory Discrimination designed and standardized by Hutchinson (14), as was discussed
previously in the review of literature on page 10, was used for this
study.

The test was chosen because it was the only test available for

testing both articulation and self-monitoring judgment. The test
consists of 23 black and white drawings of objects and animals on
4 11 x 4 11 white cards used to elicit an identifying word response by the
children being tested.

The stimulus words are given in maturational

developmental order. On a score sheet the examiner marked the accuracy
of articulation and also the subject's accuracy of judgment of his oral
speech. An example score sheet is included in Appendix A.

TEST ADMINISTRATION

Each child was brought to a separate room in each school for
testing. All testing was recorded on magnetic tape in order that an
audio record as well as the scoring sheets could be consulted if
questions should be raised at a later time about scoring methods. 2
The procedures for testing were explained and demonstrated
to the child by the examiner. The examiner presented a sample picture

2A section of tape recordings of ten subjects was selected
for the interjudge reliability.
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stimulus card, one that was not included in the exam, and spoke a
correctly articulated word.

The word was repeated and the examiner

indicated that she was listening to the accuracy of her oral speech.
The examiner judged her oral response as correct. The examiner
presented another picture stimulus card and spoke an inaccurately
articulated word; then she repeated the word and judged her oral
response as incorrect. If the child acknowledged his understanding of
the testing procedures, the test was begun; if not, the child received
additional explanations and trial performances.
Each child was asked to look at the picture stimulus card
and say the word orally in his normal speaking voice. In some
instances it was necessary to ask leading questions to obtain the
desired word responses; however, the desired word was never spoken
by the examiner before the child said it. The examiner recorded the
accuracy of the child's articulation on a score sheet. All defective
sounds in each word were recorded: omissions (the absence of a
sound), additions (adding a sound), substitutions (for example, (w)
in place of (1) or (th) in place of (s)), and distortions (approximation
of a sound) . The articulation score was the total number of error
sounds in all 2 3 words. After the child's articulation was checked,
the examiner said to the child, "Now say the word again, listen to
yourself, and then tell me whether you said it right or wrong. " The
child repeated the stimulus word again followed by his judgment of
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right or wrong. If the examiner did not agree with the child's selfjudgment of his articulation of the stimulus word, a check mark in the
column headed "Self-Monitoring Test" on the score sheet was registered.
The same procedure was followed for the 23 stimulus picture word cards.
The total score on the self-monitoring test was the total number of times
the examiner did not agree with the child's self-judgment of his own
articulation. The reliability of the examiner's accuracy of scoring the
subjects' articulation and self-monitoring abilities is discussed in the
section on interjudge reliability.
The children were asked two other questions:

"Had they had

speech therapy, either in previous years or presently?" and "Did their
parents or teachers ever help them say any of their speech sounds
correctly when they were having trouble saying words?" This was done
to test the impact speech therapy and/or help by parents or teachers
might have on the children's articulation abilities.

CRITERION MEASURES

Table 2 presents mean scores and the percentages of characteristics for the 160 subjects. These data present the subjects' test
scores and characteristics which were statistically analyzed later in
this study.
From the 23 stimulus words included in the Articulation and
Self-Monitoring Test, the mean number of errors for the total group
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was 4.20; for the normal group, 1.14; and for the defective group, 7 .25.
The mean number of self-monitoring errors for the entire test sample was
3.53; for the normal group, 1.16; and for the defective group, 5.96.

Table 2
Criterion Measures of Subjects

Subjects' Characteristics

Total
Group

Mean Articulation Score
Mean Self-Monitoring Score
Age in Years (Mean)
Grade Level (Mean)
Percentage of Males
Percentage Receiving Therapy
Percentage Receiving Help
Percentage of Total Speakers

4.20
3.53
7.45
2.00
50 .0%
38 .8%
46 .9%
100. 0%

Normal
Group
1.14
1.16
7.42
2.00
50 .0%
6 .4%
41.0%
50 .0%

Defective
Group
7.25
5.96
7.49
2.00
50. 0%
70 .0%
52 .5%
50 .0%

The percentage of subjects having received therapy at one time
for the entire test sample was 38.8 percent.

The percentage for the

normal group showing that they had therapy in the past was 6. 4 percent.
The percentage for the defective group was 70 percent, showing either
the subjects were enrolled in therapy presently or had been previously.
A small percentage was noted for the normal group as a few subjects
from this sample had corrected their misarticulations and were selected
by chance as normal speakers for this study.

Not all the defective

speaking subjects' misarticulations were severe enough to require
regular therapy sessions.
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The percentage of subjects having received speech help from
parents or teachers was 46.9 percent for the entire test sample. The
percentage of subjects having received help for the normal group was
41 percent and for the defective group was 52 .5 percent.

INTERJUDGE RELIABILITY

To assess the reliability of judgments made by the examiner
three speech pathologists, trained in listening for misarticulations,
made judgments of subjects' responses from audio tape recordings.
For this purpose a group of ten subjects' responses was selected. The
section of tape chosen contained the responses of six males and four
females; four of this group were normal speakers and six were defective
speakers; six were first graders and four were second graders. 3 The
test used in the study was explained in the same manner as it was
presented to the subjects. The three speech pathologists and the
examiner listened to the tape recordings of the ten subjects and
independently recorded the articulation and self-monitoring errors on
scoring sheets .

3 The section of tape was selected before the data had been
statistically analyzed. This was the only time in this study that
subjects' errors from the testing were scored from the tape.
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Reliability for Articulation and Self-Monitoring Scores
Each judge independently recorded the number of defective
sounds from the 23 stimulus test words for each of the ten subjects.
Each judge also independently recorded the number of times he disagreed with the accuracy of each subject's self-monitoring judgment
of his spoken test words.

These error score totals for the ten subjects,

determined by each of the three judges and the examiner, were used to
obtain mean scores, presented in Table 3.

Table 3
Interjudge Mean Articulation and Self-Monitoring Scores

Mean Error Score

No. of
Subjects

df

Judge
1

Judge
2

Judge
3

Examiner

Articulation

N

= 10

3

3.5

3.2

3.0

3.4

Self-Monitoring

N

= 10

3

3.3

2.9

3.2

2.9

Two separate analysis of variance were used to determine if
the means of the articulation error scores and self-monitoring error
scores were significantly different between subjects and also significantly different between judges (10).

This procedure is designed to

determine if the source of variation in estimates is attributable to the
judges or to the subjects. The results of the analysis of variance are
listed in Table 4 for the articulation error scores and in Table 5 for the
self-monitoring error scores.

Table 4
Analysis of Variance for Interjudge Reliability of Articulation Scores

Source

Sums of
Squares

Degrees of
Freedom

Variance
ss/df

F Ratio
Calculated

o<< • 05
~ 2 .25

Subjects (r)

r dr 2

= 240. 74

r-1 = 9

26.75

8.83

Judges (k)

r dk2

=

1.49

k-1 = 3

.so

.17

Remainder

LX e 2 =

81. 77

Total

rxt2

=324.00

(r-l)(k-1) = 27

Table Value
df*

~

= 2 .97

(9 / 2 7)
(3,27)

3.03

nk = 39

* (<X< .OS) alpha is greater than or equal to .05 level of significance.
(df) degrees of freedom.
Source: J. P. Guilford, Fundamental Statistics in Psychology and Education
(New York: McGraw-Hill Book Company, Inc., 1956), pp. 280, 541-42.

N
N

Table 5
Analysis of Variance for Interjudge Reliability of Self-Monitoring Scores

Source

Sums of
Squares

Degrees of
Freedom

Variance
ss/df

F Ratio
Calculated

Subjects (r)

Ldr 2 = 168.75

r-1 = 9

18.67

13 .11

Judges (k)

Ldk 2 =

1.50

k-1 = 3

• 50

.35

Remainder

LXe2 =

38.75

Total

LXt 2 =209.00

(r-l)(k-1) = 27

Table Value
df

O(< • 05

-

= 2 .25

(9 / 2 7)

~ 2 .97

(3 / 2 7)

1.43

nk = 39

Source: J. P. Guilford, Fundamental Statistics in Psychology and Edt1cation
(New York: McGraw-Hill Book Company, Inc., 1956), pp. 280, 541-42.

N

w
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The F ratios for variations due to differences in subjects'
scores were 8. 83 and 13. 11 with 9 and 2 7 degrees of freedom as
shown in Tables 4 and 5, respectively. These F ratios showed the
mean articulation error scores and the mean self-monitoring error
scores to be significantly different between subjects.
The F ratios for variations due to differences in judges' scores
were .17 and . 35 with 3 and 27 degrees of freedom as shown in Tables
4 and 5, respectively. These ratios showed the differences between
judges' mean articulation error scores and the mean self-monitoring
error scores to be nonsignificant.

Intraclass Correlation Between Judges for Articulation
and Self-Monitoring Error Scores
The higher the intercorrelation of judges, the greater will
be the variance estimated from between subjects. The procedure of
analysis for computing correlations between judges is known as
intraclass correlations (10:281). This correlation is given by the
following formula and calculated for articulation error scores:

rec=

vr-ve
Vr

=

+ (k-l)Ve

26.75 -3.03
26.75 +3(3.03)

= . 66;

and for self-monitoring error scores:

=

18.67 - 1.43
18.67 +3(1.43)

= . 75.

25
Where:

Vr

= variance

between rows (representing subjects),

Ve

= variance

for error,

k

= number of columns

(representing 4 judges).

The values for these equations were taken from Tables 4 and 5.
These results indicated that the average of the intercorrelation of the four columns of articulation scores was . 66 and the same
average calculated for self-monitoring scores was . 75. If the intercorrelations of the judges was taken to be an indication of reliability
of scoring, the typical reliability of a single judge's scoring was of
the order of . 66 for articulation scores and . 75 for self-monitoring
scores.
To compute the reliability of a mean of the four judges'
scoring in this population, a modified formula is available and was
calculated for articulation error scores:

rkk

=

Vr-Ve
Vr

= 26.75

- 3.03
26.75

= .89;

and for self-monitoring error scores:

rkk

=

Vr-Ve
Vr

= 18.67

- 1.43
18.67

= .92.

Where the symbols are defined as above.
From this result it was inferred that if the four judges' scores
for each subject were averaged and the set of averages correlated with
a similar set of averages, the results would be . 89 for articulation
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scores and .92 for self-monitoring scores. Averaging reduces the
relative importance of errors, leaving the intercorrelation relationships
enhanced (10:278-81).

Conclusion of Interjudge Reliability Results
The researcher concluded that the judges' scoring was not
significantly different from the examiner's scoring based on the
statistical results of the reliability testing of ten subjects selected
from the entire test sample. The results identified were based on
variations in the articulation and self-monitoring ability of the subjects
and not the judges' ability to accurately measure these abilities of the
subjects.

DIFFERENCES IN SCORING METHODS

A discrepancy was noted between the examiner's scoring
results from the initial testing examination when compared with her
scoring results during the interjudge reliability testing for the same
ten subjects. The initial scoring was done in person while the second
scoring was done from tape recordings of the same subjects I responses.
The articulation and self-monitoring error scores were totaled
from both testing situations. The means of the scores were calculated
and are shown in Table 6. A correlated 1. test was used to test
whether the means were equal for the dependent samples.
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Table 6
Examiner's Mean Articulation and Self-Monitoring Scores

Mean Error Score

No. of
Subjects

df

Initial
Scoring

Interjudge
Recorded
Scorin

Articulation

N

= 10

9

5.0

3.4

Self-Monitoring

N

= 10

9

4.6

2.9

The mean scores from the table indicate that a difference
exists in both mean scores of the two sets of evaluations. A paired
difference measurement was used to test the null hypothesis that the
difference between the two estimates of the means approximates zero
and the alternative hypothesis that the difference between the two
estimates of the means was greater than zero since the difference was
positive. The null and alternative hypotheses for articulation mean
scores are:

Ho

M1 - M2

=0

Ha

M1 - M 2

to

d

=

1. 6

Sd

=

1.48

The null and alternative hypotheses for self-monitoring mean scores are:

=0

Ho

M3 - M4

Ha

M3-M4;iO

d

=

1. 7

Sd

=

1.43
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The calculated .l value for articulation scores was:
t=

d-o
Sd

=

/yn

1.6-0
1.48 I v'IT

=

1. 6
.467

= 3. 85;

and the calculated .l value for self-monitoring scores was:
t=

cf-o
Sd /

VU

=

1.7-0
1.43 I v1fo

=

1. 7
.452

= 3. 76.

The initial scores were significantly greater than the scores obtained
from the tape recordings as determined by a .l value of 3. 85 for
articulation mean scores and a .l value of 3. 76 for self-monitoring
mean scores (o< <. 05 with 9 degrees of freedom) .
There were significant differences in the examiner's scoring
results from the initial testing examination when compared with her
scoring results during the interjudge reliability testing.

STATISTICAL METHODS

The statistical methods used identify statistical relationships
for the data used in the analyses as a means of analyzing the hypotheses
of the study. The articulation error scores and relevant characteristic
groupings of the subjects were submitted to an analysis of variance. 4

4All of the computations in this study were accomplished by
using the Biomed program on an IBM 360 computer. The programs used
were: (1) BMDO1V--Analysis of Variance for One-Way Design, (2)
BMDO2V--Analysis of Variance for Factorial Design, and (3) BMDO3V-Analysis of Covariance. These programs are available from Health
Sciences Computing Facility, UCLA. The matrix design is shown in
Appendix B.
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A linear regression model was used to see if there was an existing
statistical relationship between articulation and self-mo!1itoring
abilities. A factorial analysis of covariance of the articulation error
scores with self-monitoring error scores as the covariate was used to
compare the effects of the independent variables (sex, normal-defective,
and grade level). An analysis of variance model was used for comparing
articulation error scores and self-monitoring error scores with the
different grade level groupings.

Chapter 3

ANALYSIS OF RESULTS

Chapter 3 presents the results and interpretations of the
statistical analyses used in this study. The characteristics interacting and possibly influencing articulation and self-monitoring
abilities were first analyzed.

SOURCES OF VARIABLE INTERACTION

The analysis of variance is a statistical tool for partitioning
the total variation in a set of data according to chance variation and
variation between the means of two or more samples. The objectives
of the analysis of variance are to estimate sample means, to estimate
the common variance, and to systematically make comparisons among
the group means.
The results of the analysis of variance, classified by the
various independent variables--subjects' characteristics--are
presented in Table 7 with treatment sources and interaction effects.
The independent variables are sex, normal-defective, and grade level.
The independent variable, sex (male-female), refers to the
classification of subjects in the entire test sample. Table 7 shows a
30

Table 7
Analysis of Variance: Articulation Scores as the Dependent Variable

F
Calculated
Value

F Table
Value for
ex~ . 05

Independent Variables

df

Sums of
Squares

Mean
Sgucffes

Sex

1

24.03

24.03

4.81

3.92*

Normal-defective

1

1464.10

1464.10

293.39

3.92*

Grade level

4

214.84

53.71

10.76

2. 45 *

Sex & normal-defective

1

9.03

9.03

1. 81

3.92

Sex & grade level

4

47.54

11.88

2.38

2.45

Normal-defective &
grade level

4

104.47

2 6. 12

5.23

2. 45 *

Sex & normal-defective
& grade level

4

11.39

2.85

.57

140

699.00

4.99

Error

2.45

*Significant variables at o< <. 05. The text will only note the significance or
insignificance of the variables and not the F calculated values.
w
I-'
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significant interaction between the sex of the subjects and their articulation error scores. The mean articulation error score for all male
subjects was 4.54 and the mean articulation error score for all female
subjects was 3. 76.
The independent variable, norm a 1-defecti ve, refers to the
subjects' classifications according to the results of the public school
speech screening test. The normal speaking subjects showed a
significant difference in their articulation scores when compared to
those of the defective speaking subjects. The mean articulation error
score for the entire normal speaking group was 1.14 and the mean for
the entire defective speaking group was 7. 25.
When articulation scores were categorized by grade level,
the mean scores were found to be significantly different. An example
of this grouped interaction demonstrates that as subjects increased in
grade level (K to 4th), their mean error s·cores decreased from 6. 00 to
3. 34. The differences between subjects for the five grade levels were
significant.
Table 7 shows when subjects were classified by sex and
normal-defective and their articulation error scores were compared,
the effect was not significant.
When articulation scores were categorized by grade level,
the scores were found to be significantly different. When articulation
scores were grouped according to sex and grade level, the mean scores
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were not found to be significantly different. An example of this grouped
interaction showed as male subjects increased in grade level (K to 4th),
their mean error scores decreased from 7. 0 0 to 3 . 5 6 .
The interaction of grade level with normal-defective was
significantly different at o< <. 05 level with 4 and 140 degrees of
freedom.

The impact of this interaction was inferred by noting the

mean articulation scores of all the normal speaking kindergarten
subjects of 1. 88 and the mean articulation scores of all the defective
speaking kindergarten subjects of 10 .13. Figure 1 illustrates interaction effects of articulation scores (Y) as a function of the normaldefective classification (X) with grade levels as parameters. The
normal subjects' mean scores ranked from highest to lowest were
(K, 1, 2, 3, 4) and the defective subjects were (K, 1, 3, 4, 2).
Sex, normal-defective, and grade level interaction was found
to be insignificant.

RELATIONSHIP BETWEEN ARTICULATION AND
SELF-MONITORING SCORES

To test the hypothesis of the study that children showing
difficulty in self-monitoring of speech will have more articulation
errors than children with the ability to self-monitor speech accurately,
a simple linear regression was used.

Regression methods are useful

in deriving and testing empirical relationships among observable
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phenomena. In this relationship Y was designated as the dependent
variable (articulation scores) and X was designated as the independent
variable (self-monitoring scores). Inferences were then made from the
relationship between the dependent and independent variables (9: 1, 4) .
Figure 2 shows a scatter diagram with the articulation error
scores (Y) plotted as a function of the self-monitoring error scores (X)
for 160 subjects. 5 The data points appeared to lie along a straight line
and led the researcher to believe that a linear relationship existed
between the designated pair of variables. The results of the linear
regression analysis are listed in Table 8 and show the independent
variable, X, to be significant.
The regression equation was fit as follows:
Y == f (X) == • 31 7 + 1. 0 8 5X •

It was necessary at this point to test whether or not there was a linear

relationship between the variables.

The null and alternative hypotheses

to be tested were:
Ho
Ha

f 1 == 0
f 1 /= 0

If the calculated l. value was greater than 1. 9 6, the null hypothesis

that there was no linear relationship between Y and X would be
rejected.

The calculated l. statistic of 17 .98 with 158 degrees of

5some observations are not shown in the figure as a result of
duplication of scores.
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Figure 2. Articulation Scores (Y) as a Function of Self-Monitoring
Scores (X} for 160 Subjects

Table 8
Linear Regression with Articulation Score as the Dependent Variable

Independent
Variable
Self-Monitoring
Score, X*

Standard
Error of
Equation

Coefficient Correlation
of Deter- Coefficient
(r)
mination
(r2)

Intercept
Value

Coefficient Calculated
fit for X
.l
Value

t
Table
Value
0<<. 05

x 1 Original Model

2.313

.452

• 672

.317

1.085X1

17.98

1.96

X2 Adjusted Model

1.257

.579

.761

.305

1.018X2

22.87

1.96

* Two models of linear regression were used.
original data. An explanation follows in the text.

The independent variable was adjusted from the

w
'-3
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freedom was greater than the .l table value; hence, it was concluded that
the null hypothesis should be rejected. The linear function identified
with the data has also been plotted in Figure 2.

Test for the Coefficient of Correlation
The coefficient of correlation (r) is the most widely used test
to measure the strength of linear relationships between two or more
variables. In order to test the hypothesis of no correlation the following null and alternative hypotheses were made:

Considering the null hypothesis of no correlation the sampling distribution of r can be approximated with a normal curve having the mean
of 0 and the standard deviation of 1/vn=T or err= 1 / ~ . For normal
populations at the o<< .05 level, accept the alternate hypothesis of
correlation if r < -1. 9 6

or

r > 1 . 9 6 ; and accept the null

vn-T

v'n=T
-1. 9 6 < r < 1. 9 6 .

hypothesis if r falls in the interval

1/ri"=T
For the data in this analysis n
the null hypothesis are:

= 160;

-1.96

vm-

1/n=T

hence the rejection regions for

< r < 1.96

--v'IT§"

or,

-.115 < r < .115.
The null hypothesis was rejected since r
range of the test value.

= . 672

and falls outside the
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Adjusted Model
The coefficient of determination (r2) indicates in Table 8 that
only 45 percent of the variation in articulation scores was explained.
Hence a model with higher predictive ability was sought.

The scores

were adjusted to take account of the maturational level of sound
development.

In order to judge whether a child's misarticulations are

normal for his age or are perseverations of speech characteristics of an
earlier age level, a table showing the developmental order of sounds
and the ages at which the various speech sounds normally appear was
consulted. 6 The kindergarten, first, and second graders' articulation
and self-monitoring scores were adjusted if these subjects made errors
on sounds that were below the accepted maturational level.

Linear Regression for Adjusted Model
Figure 3 shows a scatter diagram with the adjusted articulation
error scores plotted as a function of the adjusted self-monitoring error
scores. 7 A linear relationship appeared to exist between the designated
adjusted pairs of variables.

6 The Articulation and Self-Monitoring Test designed by
Hutchinson, used for this study, had the 23 stimulus words in
developmental order. This was used as the source of information
for readjusting the scoring. See Appendix A.
7 Some observations are not shown in the figure as a result of
duplication of scores.
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The results listed in Table 8, page 37, showed the regression
coefficient for the adjusted independent variable to be significant.
The equation that was fit for the adjusted model was as follows:
Y = .3 0 5 + 1. 01 8X .
It was necessary to test whether or not there was a linear relationship

between the variables.
again tested.

The null and alternative hypotheses were

It was found, as presented in Table 8, that_l =22.87

with 15 8 degrees of freedom; therefore, since the calculated .l value
was greater than the tabular value (1. 9 6), the alternate hypothesis
was accepted at the

ex< . 05 .

The linear function has been plotted in

Figure 3.
The hypothesis of no correlation on the adjusted model was
tested. It was concluded that the coefficient of correlation (r) was
significant.

The coefficient of determination (r2) indicated that 58

percent of the variation in the adjusted articulation scores was
explained.

The amount of explanation improved 13 percent with the

adjusted model.

ARTICULATION SCORES WITH SELF-MONITORING SCORES
AS THE COVARIATE

Factorial analysis of covariance provides a technique which
combines the attributes of analysis of variance and regression whereby
the researcher can equate random groups that are not equal. It is used
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when there are two treatment variables--in this study articulation
scores and self-monitoring scores--and the researcher has control of
other classification variables--sex, grade level, and normal-defective-to derive meaningful conclusions. The differences in means of the
scores for various classifications are the results of the experimental
manipulations rather than of the original differences in test scores (17).
Articulation scores were adjusted by the covariate, selfmonitoring scores, and were classified by the independent variables,
represented by the subjects' characteristics. The results of the
covariance analysis are presented in Table 9 showing the effects
of each independent variable separately and interacting with each
combination of the independent variables.
Figure 4 presents relationships between articulation scores
(Y) and self-monitoring scores (X) with various group characteristics
as parameters determined by the regression relationship for the
covariance analysis. The best explanation was given by the regression lines with the steepest slopes. These functions represent the
best fit linear relationship between articulation and self-monitoring
variables when they were analyzed for the effects of the various
classification variables. In addition to the covariance regressions,
the adjusted linear regression equation, as shown in Figure 4, has
been drawn for comparison.

Table 9
Analysis of Covariance: Articulation Scores with
Self-Monitoring Scores as the Covariate

Independent Variables

df

Sums of
Squares

Mean
Squares

F
Calculated
Value

F Table
Value
O<< . 05

Sex

1

9.56

9.56

2.30

Normal-defective

1

150.16

150.16

36.18

3.92*

Grade level

4

84.28

21.07

5.07

2.45*

Sex & normal-defective

1

7.29

7.29

1. 75

3.92

Sex & grade level

4

29.85

7.46

1. 80

2.45

Normal-defective &
grade level

4

55.34

13.83

3.33

2 .45*

Sex & normal-defective
& grade level

4

12. 09

3.02

.73

139

576.84

4.15

Error

*Significant variables at 0<< .05. The text will only note the significance or
insignificance of the variables and not the F calculated values.

3.92

2.45

,i:,.
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When articulation error scores with self-monitoring scores as
the covariate were grouped with the independent variable classified by
sex differences, the variable was insignificant. When the grouping
was done with the independent variables classified by normaldefective and again by grade level, both variables were significant.
The interaction effect of the classification of sex and normaldefective and also of sex and grade level when grouped with the
articulation error scores with self-monitoring error scores as the
covariate were not significant. The interaction effect of the classification of normal-defective and grade level was significant. When the
classification of sex was added to this last grouping, the interaction
was not significant.

ANALYSIS OF ERROR SCORES BY GRADE LEVELS

An analysis of variance was used to answer the hypothesis
of the study that as children with defective articulation increase in
grade level their abilities to articulate and self-monitor their speech
will improve. A comparison among the mean articulation error scores
and the mean self-monitoring error scores of the defective speaking
group in the test sample classified by grade levels (K-4th) was made.
The results of the analysis of variance are shown in Table 10. The
mean articulation error scores and the mean self-monitoring error
scores are listed in Table 11.

Table 10
Analysis of Variance: Articulation and Self-Monitoring Scores
with Grade Levels

Source of Variation

df

Sums of
Squares

Mean
Squares

F
Calculated
Value

F Table
Value for
ex< . 05

7.75

2.45

6.44

2.45

Articulation Scores
4

279.88

69.97

Within Groups

75

677.13

9.03

Total

79

957.01

Between Groups

Self-Monitoring_Scores
Between Groups

4

238.93

59.73

Within Groups

75

695.56

9.27

Total

79

934.49
,i:,:.

O'l
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Table 11
Analysis of Articulation and Self-Monitoring Scores
by Grade Level

Grade
Level

Sample
Size

Mean
Articulation
Error Score

Mean
Self-Monitoring
Error Score

K

16

10.13

9.69

1

16

8.75

7.31

2

16

4.81

5.13

3

16

6.25

6.00

4

16

5.94

5.06

The null and alternate hypotheses of equal means were tested
for articulation and self-monitoring error scores:
Ho: M1

= M2 = M3 = M4 = M5

Ha : M 1

/=

M2

=/

M 3 -:/ M 4

=/ M 5

If the mean error scores are equal, the ratio of the between groups

mean square to the within groups mean square will have an F calculated
value of less than 2. 45 with 4 and 75 degrees of freedom at the

0<

< . 05.

Table 10 shows the calculated F ratio was 7. 75 with 4 and 75 degrees
of freedom for between groups with articulation error scores and 6. 44
with 4 and 75 degrees of freedom for between groups with self-monitoring
error scores. The alternate hypothesis was accepted for both variables
at o<.<.05.
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The test of the hypotheses that the mean articulation error
scores and the mean self-monitoring scores were different provided
sufficient evidence to conclude that the means were different but gave
no clear statement as to which grade levels showed a significant
difference.

Duncan's New Multiple Range Test is a procedure used

for carrying out all pairwise comparisons among the means once they
have been ranked in descending order (17:93-4). 8 Table 12 ranks
the mean articulation scores by grade level in descending order
(Xo, X1, X3, X4, and X2), and the mean self-monitoring scores by

grade level in descending order (Xo, X1, X3, X2, and X4).
Table 12 also lists the values which the difference in mean
articulation error scores and mean self-monitoring scores must exceed
to conclude that the pair of means was different at CX < . 05. The
comparisons of paired grade levels showed the kindergartners' and
first graders' mean articulation scores to be significantly different

8The critical values, calculated using coefficients contained
in Duncan's Table, for identifying differences between means, varies
depending on the number of means in the set. The differences that a
comparison must exceed, wr, to be declared significant according to
Duncan's Test is calculated by:

where qr is obtained from special tables prepared for this test by
Duncan (17:533). The subscript r designates the number of steps
separating ordered means, o< represents the significance level of . 05
percent, and v represents the number of degrees of freedom associated
with the mean square of the error (MSerror).
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Table 12
Critical Differences Between Grade Levels and Mean Articulation
Scores and Mean Self-Monitoring Scores

Means by Grade
Level Ranked in
Descending Order
for Articulation

The Difference of Means Between
Grade Levels
Articulation
-X3
-X4
X1
X2
Xo

xo 10.125
~1 8.750
X3 6.250
X4 5.938
X2 4.813

Significant Values of
the Test Statistic
For Self-Monitoring
Xo
Xo
X1
X3
x2
X4

9.688
7.312
6.000
5.125
5.063

Significant Values of
the Test Statistic

* Significant mean differences

1.375

3.875* 4.188* 4.938*
2.500* 2.813* 3.573*
.313 1.063
.750

2.254

2.366

2.426

2.468

Self-Monitoring
X1
X3
X2
2.375* 3.688* 4.563* 4.625*
1.313 2.188 2.250
.875
.934
.063

2.284

2.398 2.459

2.512

50

from the second, third, and fourth grade levels.

The kindergartners'

mean self-monitoring scores were significantly different from each of
the other grade levels.

Chapter 4

DISCUSSION OF RESULTS

The statistical analyses showed substantiating results to
confirm the hypothesis that children's ability to articulate was
correlationally related to self-monitoring ability. The results of the
analysis of variance showed male and female articulation scores to be
different. Male subjects had more articulation errors than female
subjects from the test sample. 9 The results of the analysis of
covariance did not show a significant difference between males' and
females' articulation scores when self-monitoring scores were the
covariate. The ability to self-monitor was not as affected by sex
differences as the ability to articulate. None of the literature available,
as reviewed in Chapter 1, measured the impact of the subjects' sex
differences on their ability to self-monitor or to articulate. Additional
research with other test samples is needed to further substantiate these
results. The relationship of sex differences and articulation errors can
be explained by the fact that females mature at a faster rate than males.

9 Throughout the discussion Appendix C should be consulted
for further clarification of the mean articulation and self-monitoring
error scores in relation to the classification of subjects (sex, normaldefective, and grade level).

51

52

It was previously stated that the development of speech sounds is

based on maturation. A study by Templin showed that girls reach about
95 percent correct articulation at about seven years while boys take
another year in which to reach the same degree of performance (34:2 84).
When the articulation error scores were classified by the
normal-defective and grade level variables, there was a significant
interaction effect at o<< • 05 level. The means of each of these data
sets were graphed in Figure 1. In general, children judged to be
normal by the speech screening test always had lower mean articulation scores than did the defectives. The order of magnitude of the
mean error scores for normals and defectives were: normals (K, 1, 2,
3,4) and defectives (K,1,3,4,2). From these orderings it was noted
that defective speaking second graders had fewer errors than defective
speaking third and fourth graders. The normal speaking children
showed fewer errors as the children increased in grade level. These
interactions tended to indicate that there was significant variability of
articulation errors for defective speaking children. It may be possible
to explain part of these differences on the basis of different standards
required by the school speech pathologist as to whom are normal and
defective speaking subjects.

Until a systematic method of determining

a child's articulation ability is established, considerable opportunity
for errors in judgment and variation in criteria levels will continue.
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Normal speaking subjects had fewer articulation errors than
defective speaking subjects from the test sample. The subjects were
placed into these categories because of their articulation abilities;
thus the results of their articulation tests led to these error scores.
It was interesting to note that those subjects judged to have

normal articulation had very few self-monitoring errors and those
subjects judged to have defective articulation had significantly more
self-monitoring errors. Several authorities, referred to in the review
of literature, also recognized that children with functional articulation
errors were not hearing their own spoken errors (35, 25, 2, 21). The
regression showed a significant correlation between articulatory
ability and self-monitoring ability based on the test sample. These
results agree with the conclusions of other researchers that the ability
to judge one's own speech production is significantly related to the
number of articulation errors and is a sensitive instrument for
discriminating between normal and defective speaking children (27, 1,
15, 13).
The analysis of variance of grade levels and means of articulation and self-monitoring scores provided the basis for analyzing the
study's second hypothesis. The mean articulation error scores and the
mean self-monitoring error scores decreased as a function of increasing
grade level for defective speaking subjects. An exception for defective
speaking subjects was noted at the second grade level where the mean
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articulation error score was less than the mean error scores at the third
and fourth grade levels. The mean self-monitoring error score was less
than the mean error score at the third grade level. This discrepancy,
which might be a sampling peculiarity, needs to be replicated in a
future study.
It is possible that in the preceding school year the speech
pathologist concentrated his therapy in the first grade and these subjects, now second graders, made more noticeable speech improvements
than the subjects at the higher grade levels. Since 13 out of 16 second
grade subjects had therapy at one time, many of their articulation errors
may have been corrected, resulting in a relatively low mean articulation
error score for the entire second grade group test sample. Maturation
may have also influenced the successful treatment of articulation errors.
The lack of correspondence between decreased misarticulations and
self-monitoring errors for defective speaking second graders suggests
further study.

More detailed information about the problems and their

treatment is needed to better assess the factors involved in this
occurrence .
The mean self-monitoring error scores are less than the mean
articulation error scores at four grade levels. The differences in scores
may be a result of the differences in scoring articulation and selfmonitoring errors during the testing procedures. The articulation error
score for each subject was a sum of all the error sounds within each of
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the 23 stimulus test words. Whereby each of the 23 stimulus test
words resulted in only one possible self-monitoring error score.
Although the mean scores were significantly different between
grade levels, Duncan's New Multiple Range Test showed which
particular grade levels were different.

The kindergartners I and

first graders I mean articulation scores were not significantly different
from one another. These two grade levels were significantly different
from the second, third, and fourth grade levels, but there were no
significant differences between the mean articulation scores of the
second, third, and fourth graders, as was noted in Table 12.
All speech sounds are mastered at the second grade level if a
child follows the normal pattern for sound development (25:842). Many
of the kindergartners I and first graders' error sounds may have been
below their normal developmental age, giving them larger and more
significantly different mean error scores from second, third, and fourth
graders but not between their grade levels. This leads to the conclusion that correcting misarticulations after the age of mastery will not
be accomplished unless special training is provided through therapy
sessions. Older defective speaking children do not appear to outgrow
their misarticulations.
Results of Duncan's New Multiple Range Test showed the
kindergartners' mean self-monitoring scores to be significantly
different from each of the other grade levels, but there were no
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significant differences between the mean self-monitoring scores of the
first, second, third, and fourth graders. Self-monitoring does not
appear to improve significantly as defective speaking children increase
in grade levels as might have been assumed from the results shown in
Table 12. Speech therapy may promote self-monitoring ability of young
children. It is questionable whether self-monitoring, for some children,
will occur as a function of maturational development.
It was noted in Table 2 that 70 percent of the defective speaking

group had speech therapy. It may also be possible that the children
were beginning to self-monitor some of their articulation errors, yet
were unable to speak them accurately. It appeared that the ability to
self-monitor must be improved before the ability to correct misarticulations can function effectively. These results further substantiate
Wepman's (38) remark that the pattern of acquisition of accurate speech
sounds might result from the developing processes of auditory
discrimination enabling them to monitor their own speech and make
accurate phonemic comparisons.
The results of the linear regression, with the articulation error
scores adjusted according to the subjects' maturational level, showed
that 58 percent of the subjects' articulation errors could be explained
by their inability to self-monitor their errors. The researcher believes
that this percentage is convincing enough to suggest that selfmonitoring discrimination training be used as a vital part of speech
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therapy sessions. This suggestion is substantiated by Van Riper and
Irwin's (36) belief that "self-hearing" has to be re-activated and can
be accomplished with appropriate self-monitoring therapy techniques.
The percentage of subjects from the normal speaking group
having received speech help from their family or teachers was 41
percent. The percentage of subjects from the defective speaking group
having received speech help was 52. 5 percent. The difference in the
percentages was insignificant. The researcher was led to believe that
family and teacher awareness of their children's misarticulations by
helping them produce sounds correctly did not appear to affect the
improvement of the children I s articulation skills in this test sample.
Milisen (22) stated that the self-regulatory system needs some
environmental control, but the most important need is for the speaker to
become more aware of his speech habits.

The results of the regression

showed that this concept is accurate. More explanation for articulation
improvement is answered through the ability to self-monitor than through
parents and teachers presenting a correctly articulated sound, although
both are necessary.
In addition to the discussion of the analyses about the subjects
in the study, the examiner's scoring methods are discussed.

Several

explanations are possible for the differences between the examiner's
initial scoring of the subjects as compared to her scoring of the same
subjects during the interjudge reliability test as was presented in
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Table 6. The most plausible explanation is that when the examiner
scores articulation and self-monitoring errors while the subject is
present, visual as well as auditory cues are used to assess the
correctness of the subjects I responses. Tongue and teeth placements,
and facial configurations are important determinants in the detection of
incorrect sounds. Visual observations were missing in the audio
recorded sessions. Subjects produce sounds incorrectly with varying
degrees of distortions. Slight distortions, especially on sibilant
sounds, may not be heard as well from tape recorded responses and
therefore would not be scored as error sounds. A lack of acoustic
quality of the magnetic tape would also be a factor involved in
differences noted.

Differences in scoring are to be expected when

comparing errors detected while the subject is present and in errors
detected from the subject's recorded responses.

Chapter 5

SUMMARY AND CONCLUSIONS

SUMMARY

In developing this study 160 children, 80 females and 80
males, from kindergarten through fourth grade, were selected as
subjects. They were divided into normal speaking groups and defective
speaking groups.
An Articulation and Self-Monitoring Test was administered to
these children. The outcome was a score of their total number of
articulation errors and their total number of self-monitoring errors.
The articulation and self-monitoring scores were statistically analyzed
with other pertinent characteristics of the subjects--sex, grade level,
and articulation ability. The tools of analyses were an analysis of
variance, a simple linear regression, and a factorial analysis of
covariance .

CONCLUSIONS

The conclusions arrived at pertaining to the study's hypotheses
were: (1) Children that showed the most difficulty in self-monitoring of
speech had more articulation errors than children showing an ability to
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self-monitor speech accurately.

(2) As defective speaking children

increased in grade level, past the age of sound mastery, their ability
to self-monitor and articulate their speech accurately did not significantly improve.
There was a significant relationship between sex differences
and articulation ability but not between sex differences and selfmonitoring ability. Male children had more articulation errors than
female children in the test sample.
There was a significant interaction effect when articulation
error scores were classified by the normal-defective and grade level
variables.

Normal speaking subjects had less articulation errors than

defective speaking subjects at each grade level. There was an inverse
relationship between grade levels and articulation scores for normal
speaking subjects. For defective speaking subjects there was an
interaction effect which showed the second grade subjects to have a
lower articulation error score than each of the other grade levels.

RECOMMENDATIONS

The results of the present study led to the following
recommendations. Speech therapy could have a significant effect on
a child's ability to self-monitor if the speech pathologist used selfmonitoring therapy techniques. If a child has the ability to hear his
misarticulations and can judge them to be incorrect, his prognosis
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should be more favorable.

In their books, Van Riper (35:260-63) and

Van Riper and Irwin (36:126-33) have brief sections including suggestions for initiating self-monitoring ability within the child.

Speech

pathologists can combine self-monitoring techniques with their regular
therapy sessions without altering their established programs.
In the discussion on differences in scoring methods, the
importance of visual cues was emphasized. If the pathologist can
judge a child's speech more accurately by seeing as well as hearing
him speak, the child himself should be able to correct his own speech
more effectively by making use of the same cues. The researcher
recommends having the child watch himself in a mirror at the same time
he is monitoring his voice. Another helpful therapy technique is having
the child make use of his oral tactile-kinesthetic sense to feel tongue
and teeth placement while correcting his error sounds. The auditory
sense can be activated by the use of a set of head phones attached to
a tape recorder acting as a simultaneous feedback mechanism. This
technique can also be used to amplify the child's speech. The child's
ability to self-monitor his errors while recording is enhanced. When
individuals are correcting their articulation they need to combine all
their senses to work together for the production of acceptable
articulation.
Since the ability to self-monitor is statistically related to the
ability to articulate, the researcher recommends the use of self-
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monitoring tests in diagnostics, therapy, and in research. Further
studies are needed in this area.

IMPLICATIONS FOR FURTHER RESEARCH

Another comparable research study might be conducted with
a different test sample to substantiate the results of this study. The
mean error scores by grade levels should be compared to help clarify
the discrepancy noted in these test results at the second grade level.
The interaction effects of sex, grade level, articulation ability, and
self-monitoring ability should be further investigated.
To determine further the effects of self-monitoring upon
functional articulation errors, therapy sessions could be arranged with
experimental and control groups. The experimental group should use
self-monitoring techniques and the control group articulation therapy
methods other than self-monitoring so as to compare the results. The
Articulation and Self-Monitoring Test used in this study should be given
at the beginning and termination of the therapy program (Appendix A) .
An interesting follow-up study would be to arrange two more
experimental and control therapy groups both using self-monitoring
therapy techniques. For the experimental group add to the selfmonitoring techniques the use of tactile-kinesthetic and visual cues
and leave these techniques out of the control group to measure the
impact of tactile-kinesthetic and visual senses in combination with
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self-monitoring techniques. This study would provide further evaluation of the effectiveness of visual-auditory stimulation in improving
articulation as previously reported by Scott and Milisen (2 8) .
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APPENDIX A
SCORE SHEET
ARTICULATION AND SELF-MONITORING TEST

ln1trµction1: When scorlng the Arttculation Test, count all defective sounds, even
though they may occur !n words. in which the tested sound is correctly produced. Total score
is total number l)f omiissions, substitutions, additions, and distortions.
~~ fer Administering the Self-Monttortgg 'feot: After you have checked the
child's artlcclation of "mouse," say to him. "Now say it again, listen to yourself, and then
teH me whether you said it right or wrong.• If he states that he said it as you heard him say
it, right or wrong, do not mark the score sheet. If you do not agree with the child's selfjudgment of his articulation of the word, put a check mark in the column headed "SelfMonitoring Test." Do the same after each of the remalning words in the Articulation Test.
Tolal score on the Self-Monitcrin9 Test is the total number of times that you did not agree
with the child's aelf-judgrMinl: of his own articulation.

Name._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.Sex._ ___,Age _____Date_ _ _ _ _ _ _ _ __
School
Grade
Examiner_ _ _ _ _ _ _ _ _ __
Other
l~ard
1

2
3
4
5

Dev.
3
3

3

3
3
4

l!r,,,.

i2YMIW~

4

lO

4

11

s

12
13

5

yarn

6
6
6

r.90ster
snce

6

chur;.:h

14

15

-

16
17
18

4

llon

6

stoye

1

jjsm

7
7

~ebra

'J.

7

baJhtub

,.

7
7

fea!he.r

1:)

m-----------~

-r .... t

bov

cat.
aoat
turtle
=Jiu::k
eleohant
kinq

4

.

"- __ _

SelfM onitorl.no

mouse
In'!_ian
aoole
~-3 terrnelon

7
8
9

6

No. of
Errors
'" Wnrti

Defective

Approximate

sun

ga•~qe

.

iJotlt;"'•4•·

PrnviJ<;,d by Barbara B. Hutchinson. and a.dapted for tMs study.

4

APPENDIX B

DATA MATRIX

71

DATA MATRIX*
FEMALES

MALES
DEFECTIVES

NORMALS
K

1

2

3

4

K

1

2

3

NORMALS

4

K

1

2

3

DEFECTIVES
4

K

1

2

3

4

81
82

S3
S4
S5

s6
S7

Sa
Symbols: Grade Levels (K, 1 , 2 , 3 , 4); Si (i = 1-8) replication of subjects for ea ch group.
The matrix shows the relationship between the variables for the analysis.

* Articulation scores were used as the dependent variable in the analysis of variance. Articulation
scores were used as the dependent variable with self-monitoring scores as the covariate in the
analysis of covariance.
'3
ts.)
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ANALYSIS OF VARIANCE: ARTICULATION SCORES AS
THE DEPENDENT VARIABLE
Symbols: Sex (M-F); Normal-Defective (N-D); Grade Levels (K-1-2-3-4)
M-F

N-D

K-1-2-3-4

Mean
Score*

M-F N-D

M
M
M
M
M

N
N
N
N
N

K
1
2
3
4

2.50
0.88
0.88
1.25
0.88

F
F
F
F
F

M
M
M
M
M

D
D
D
D
D

K
1
2
3
4

11.50
8.00
5.63
7.63
6.25

F
F
F
F
F

K-1-2-3-4

Mean
Score*

N
N
N
N
N

K
1
2
3
4

1. 25
1.50
1.00
0.50
0.63

D
D
D
D
D

K
1
2
3
4

8.75
9.50
4.00
4.88
5.63

ANALYSIS OF VARIANCE: SELF-MONITORING SCORES
AS THE DEPENDENT VARIABLE
M-F

N-D

K-1-2-3-4

Mean
Score*

M-F

N-D

K-1-2-3-4

Mean
Score*

M
M
M
M
M

N
N
N
N
N

K
1
2
3
4

2.38
0.88
1. 25
1.38
1.00

F
F
F
F
F

N
N
N
N
N

K
1
2
3
4

1.25
1.50
0.88
0.50
0.63

M
M
M
M
M

D
D
D
D
D

K
1
2
3
4

7.50
6.25
6.13
6.13
5.00

F
F
F
F
F

D
D
D
D
D

K
1
2
3
4

8.12
7.00
4.25
4.25
4.37

*Each mean score entry represents 8 subjects.
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ANALYSIS OF VARIANCE

Symbols: Sex (M-F); Normal-Defective (N-D); Grade Levels (K-1-2-3-4)

Mean Articulation
Scores as the
Dependent Variable

Mean Self-Monitoring
Scores as the
Dependent Variable

No. of
Subjects

M

4.54

3.79

80

F

3.76

3.28

80

N

1.13

1.16

80

D

7.17

5.90

80

K

6.00

4.81

32

1

4.97

3.91

32

2

2.88

3.13

32

3

3.56

3.06

32

4

3.34

2.75

32

